SUMMARY -Bacterial purulent meningoencephalitis (BPME) is a life-threatening infectious disease caused by various pyogenic bacteria. Th e disease is defi ned as the infl ammatory process of leptomeninges (visceral layer, pia mater and arachnoid membrane) and brain parenchyma with exudates in the subarachnoid space and surrounding brain structures. Th e aim of the study was to defi ne the predisposing factors responsible for the occurrence of BPME, as well as the possible correlation between the presence of predisposing factors and patient demographic characteristics, etiology and outcome of the disease. Th is retrospective-prospective study included 90 patients with BPME confi rmed by clinical, neuroradiological and laboratory fi ndings. Multivariate logistic regression models were fi tted to analyze the impact of the predisposing factors on the disease outcomes. Predisposing factors that were related to BPME were found in 61% of patients. Cranial trauma as the leading factor was recorded in 23.3% of patients, followed by previous neurological disease in 14.4% of patients, while 13 patients were exposed to previous chemotherapy or long-term corticosteroid therapy. Cardiovascular diseases were reported in 12.2% and diabetes in 7.8% of patients. Th e existence of cardiovascular diseases signifi cantly infl uenced unfavorable outcome of the disease, i.e. "deceased" in comparison to "cured" (OR=8.418; 95% CI=1.007-76.270), independently of age and gender. None of the examined predisposing factors was signifi cantly related to the "recovered with sequels" outcome as compared with "cured" outcome. Older age and presence of cardiovascular disease as a predisposing factor signifi cantly increased the odds of the BPME unfavorable outcome "deceased" as compared to "cured" outcome.
Introduction
Th e problem of bacterial purulent meningoencephalitis (BPME) is real today, both in the world and in our country. Most frequently, the disease occurs as a result of a particular predisposition, i.e. conditions that provoke the occurrence of the disease, as well as direct risk factors. It appears more often in persons with previously acquired brain or 'general' diseases. Th e anatomic integrity of bone structures in the endocranium, as well as a healthy immune system protecting against the infection of endocranium is important 1 . Neurological and mental disorders acquired before the onset of BPME greatly increase the risk of the disease, as well as sequel delay, although the specifi c structures of the blood-cerebrospinal fl uid and blood-brain barriers bear the risk of intracranial infection (low values of immunoglobulin and complement, etc.) 2, 3 . Th e predisposition points to general weakness of the immune system in responding to the infection. Among the predisposing factors, the states of immunosuppression (AIDS, immunosuppressive and cytostatic therapy for malignancy, systemic diseases of the connective tissue, splenectomy, neutropenia, and defects of neutrophils) have been recorded in particular. Other predisposing factors responsible for the onset of the disease are alcoholism, diabetes, diseases of the cardiovascular system, kidney diseases, repeated infectious diseases, and heart defect with right-to-left shunt 4, 5 . Considering risk factors, most authors in the world and in our region 4, 5 primarily report on suppurative otitis media, mastoiditis, chronic and acute sinusitis (frontal, ethmoid and sphenoid), cranial trauma with fracture and residual bone fragments 6 , penetrating injuries of the head 7, 8 with rhinorrhea, etc. Approximately one of four people with rhinorrhea experience BPME, with frequent relapses 9 . It is unknown how predisposing factors aff ect disease outcome in patients with BPME. According to literature data, the risk factors and their impact on the course and outcome of the disease vary considerably [10] [11] [12] [13] . Th erefore, it is necessary to defi ne the predisposing factors that are of paramount importance in each individual region.
Th e aims of this study were to identify the predisposing factors important for the development of BPME and the possible link between the presence of predisposing factors and demographic and etiologic characteristics with the disease outcome.
Patients and Methods

Patients
Th e Clinical Department for Infectious Diseases, Clinical Center of Montenegro (CDICCM) provides medical treatments in the area of infectious diseases for children older than 3 years and adults, with a catchment population of 600,000. Included were medical records of patients with BPME in which the etiologic cause of the disease was isolated from their cerebrospinal fl uid (CSF) samples, and who were treated at our Department and at the Institute for Infectious and Tropical Diseases in Belgrade, in the period from January 1, 1995 until December 31, 2000.
Data collection and defi nition of cases
Th e study was based on the analyses of medical records of patients treated during the 1995-1998 period and the prospective study conducted in the 1998-2000 period. Th e following data were collected: biographic data, history of diseases, auto-and hetero-history data, especially those referring to the possible predisposing factors; objective neurological and somatic fi ndings; cytologic, biochemical and bacterial CSF fi ndings; laboratory fi ndings, i.e. indicators of tissue infl ammation in serum; data and direct insight into therapy, course, outcome and sequels. Th e diagnosis was established by clinical features, objective fi ndings, and positive CSF fi nding. According to the disease outcome, all patients were stratifi ed into three groups: cured, recovered and those that died. Patients were also stratifi ed by the presence of specifi c risk factors and microbiological isolates.
Data processing and analysis
Considering the methods of descriptive statistics, we used measures of central tendency (arithmetic mean), variability measures (standard deviation, standard error, range, minimum, maximum and variant), as well as the tests to evaluate distribution. On analytical statistics, we employed χ 2 -test, T test for paired samples, T test for unpaired (independent) samples, and ANOVA.
Results
During the six-year period, the study included 90 patients aff ected by BPME; the outcome of the disease was reported for 85 patients. Th e mean age was 49.7±20.6 years. Th irty-eight (44.7%) patients were cured, 18 (21.2%) patients were recovered with sequels, and 29 (34.1%) patients died. General characteristics of patients according to the three outcomes observed (cured, recovered with sequels and deceased) are shown in Table 1 . Th e patients that died were signifi cantly older than those that were cured or recovered with sequels. Th e majority of patients with all outcomes were male, but diff erences among the three outcome groups were not statistically signifi cant. In addition, the three outcome groups were similar by the number of predisposing factors or risk factors (Table 1) .
Etiologic and bacteriological CSF examinations were carried out in all patients. Th e most frequent cause of BPME was Streptococcus pneumoniae, which was isolated in 47 (55.0%) patients, followed by Staphylococcus aureus in nine (10.5%) and Neisseria meningitides in six (7.0%) patients. Th e majority of patients (42%) were cured, 32% died and 20% recovered with sequels (data not shown).
Th e predisposing factor responsible for the onset of bacterial purulent meningitis was analyzed in all patients. Predisposing factors were found in 52 (61.2%) patients. One predisposing factor was present in 44.7% of patients, while two or more concurrent factors were found in 16.5% of patients (Table 1) . Because of the large number of various predisposing factors, particular predisposing factors were grouped as shown in Table 2 . Th e most frequent previous disease was cranial trauma (old head injury and neurosurgical intervention), which was recorded in 21 (23.3%) patients. Neurological disease and chemotherapy or long-term treatment with corticosteroids were recorded in 13 (14.4%) patients each. Chronic heart or cardiovascular disease was found in 11 (12.2%), diabetes mellitus in seven (7.8%), alcoholism in six (6.7%) patients, while splenectomy had been performed in two (2.2%) patients ( Table 2) .
Analysis of the relations between the etiologic cause and presence of predisposing factors did not yield any signifi cant diff erence, although Staphylococcus, Pneumococcus and gram-negative bacteria were more often the cause of BPME in patients with predisposing factors (Fig. 1) .
Distribution of the selected predisposing factors according to outcome of the disease is shown in Table  3 . Th e three predisposing factors of cranial trauma, immunosuppression and neurological diseases were found to be equally distributed among the three outcome groups. Nevertheless, cardiovascular diseases were the only predisposing factor that was signifi cantly more frequently observed among persons that died as compared with the other two outcomes (Table 3) .
Logistic regression was performed to assess the infl uence of the above-mentioned predisposing factors on the disease outcome (Table 4) . Two statistical models were fi tted: in Model 1, the unfavorable outcome 'death' was compared to the favorable outcome 'cured'; and in Model 2, the unfavorable outcome 'recovered with sequels' was compared to the favorable outcome 'cured'. All included variables were identical in both models. Older age and the presence of cardiovascular diseases as predisposing factors increased signifi cantly the odds of the unfavorable outcome 'deceased' as compared with 'cured' in Model 1. None of the investigated predisposing factors (cranial trauma, neuro- 
Discussion
Bacterial purulent meningoencephalitis poses a serious medical problem even today. Th e death rate from the disease, despite the improved diagnostics, use of powerful antibiotics and other therapeutic methods, is relatively high, i.e. up to 30% 3, [10] [11] [12] [13] . Th e majority of patients are over 40 years old, which makes 63% or 70% of treated persons. Th e occurrence of BPME in adults is more often associated with the presence of a predisposing factor and direct risk such as immunosuppression, head trauma and chronic infections 4, [14] [15] [16] . In our patients, the proportion of elderly persons was high, implying greater likelihood of poor outcome. Other authors report similar data 11 . Th e presence of a predisposing factor responsible for the onset of BPME was found in 61% of our patients. Study results showed prior cranial trauma (23.3% of cases), old neurosurgical intervention (detected in 12 or 13.3% of patients) and head trauma (present in 14 or 15.6% of patients) to be most frequently present. At the same time, the presence of head trauma or old neurosurgical intervention was detected in six (6.8%) patients 4, 17 . Neurological disease is a signifi cant predisposing factor for the occurrence of BPME. In our patients, their medical history revealed epilepsy in 11 (12.2%), cerebrovascular insult in three (3.3%), brain tumor in two (2.2%) cases, and subarachnoid hemorrhage in one patient. Stanek and Mufson report that neurological and neurosurgical diseases as predisposing factors were present in 15 (29%) patients 18 . Diabetes as a predisposing factor was present in 7.9% of our patients. Durand et al. point to diabetes and alcoholism as predisposing factors responsible for the onset of the disease 19 . In diabetes patients, the risk of infection is increased due to reduced protein synthesis and hyperglycemia that inhibits the process of phagocytosis, as well as by energy defi cit that infl uences macrophage activity 20, 21 . Alcoholism as a predisposing factor was present in 6.7% of our patients. In their study, Van de Beek et al. report that 6% of patients with pneumococcal meningitis had this predisposing factor 22 . Persons who consume alcohol suff er from immunosuppression, malnutrition, brain atrophy, alcoholic epilepsy and encephalopathy of alcoholic genesis, which all together represent the predisposing factors responsible for the occurrence of BPME. Other authors report similar results 23, 24 . In chronic ethylism cases, aside from metabolic disorders and immunodefi ciency, cranial traumas were more frequently observed, which contribute to the incidence of bacterial infections 25, 26 . Hematologic malignancies (lymphoma, leukosis, etc.) were found in six patients. Pruitt underlines malignancy as a risk factor responsible for the appearance of bacterial infections of the nervous system 27 . Systemic diseases of the connective tissue were also found in patients aff ected by BPME. Corticoid therapy causes lymphopenia, monocytopenia and eosinopenia 28 . Patients with cellular immunity disorder were receiving daily corticosteroid therapy. Corticosteroids inhibit the synthesis of prostaglandins and leukotrienes, and reduce blood vessel permeability and histamine release from basophilic leukocytosis generating disorder of cellular immunity. Th erefore, these patients are more prone to infections of the nervous system caused by intracellular microorganisms, the elimination of which requires intact T-lymphocyte-macrophage system 29 . Systemic lupus erythematosus was detected as the predisposing factor in two (2.2%) patients, while vasculitis and Sjögren's syndrome were found in one patient each. All these patients underwent long-term corticosteroid therapy. Bahal and Nahata emphasize the importance of the long-term usage of corticosteroids as a predisposing factor for the occurrence of BPME 28 . Th e presence of staphylococcus as a cause of BPME was more often recorded in patients with some of the predisposing factors. Th ere was no signifi cant diff erence among particular predisposing factors and causes of the disease, although staphylococcus induced the appearance of BPME more often when there was immunosuppression as a predisposing factor.
Th e presence of predisposing factors did not signifi cantly infl uence the type of etiologic cause of BPME. Nevertheless, the presence of cardiovascular diseases was signifi cantly related to the type of outcome. Patients with cardiovascular diseases had higher odds of the unfavorable outcome 'death' in comparison to the favorable outcome 'cured'. McMillan et al. un-derline the importance of comorbidity for the outcome of the disease, emphasizing that cardiovascular disease is a poor prognostic factor. In our study, patients with the predisposing cardiovascular disease were older at the same time, which may greatly infl uence lethal outcome 30 .
Conclusion
Th e predisposing factors responsible for the occurrence of BPME, found in 61% of our patients, were cranial trauma, neurological disease (epilepsy, subarachnoid hemorrhage, cerebrovascular insult), diabetes, alcoholism, cardiovascular diseases, malignant hemopathies, systemic diseases of the connective tissue, and post-splenectomy states. Older age and the presence of cardiovascular diseases as a predisposing factor signifi cantly increased the odds of the unfavorable outcome 'deceased' after BPME, when compared to the favorable outcome 'cured'. Cardiovascular diseases were not signifi cantly related to the odds of another unfavorable outcome 'recovered with sequels' in comparison to the favorable outcome 'cured'.
